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Abstract 
In this work, BaCe0.54Zr0.36Y0.1O2.95 (BCZY) ceramics powder was synthesized using four types of chelating agents 
by a modified sol-gel method. The aim of this work is to study thermal decomposition of the sample that prepared 
using metal nitrate salt (M+), respective to chelating agents (C) and ethylene glycol (EG) at molar ratio of M+:C:EG 
= 3:3:2. The gel obtained was heated in a furnace at 325 oC and 1100 oC, respectively to produce light-yellow 
powder. The thermal behavior of the dried powder (T=325 oC) was analyzed by thermogravimetric analysis (TGA) 
and Fourier infrared spectroscopy (FTIR). TGA results indicate that all the samples were almost completly 
decomposed at ~ 900 oC except for NTA that showed the lowest thermal decomposition at 580 oC. FTIR spectra 
illustrated that the carbonate residue still remained in the powders even after calcined at 1100 oC. It was found that 
the different chelating agents used lead to the different thermal characteristics of the BCZY powder.   
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1. Introduction 
Proton-conducting electrolyte materials with a perovskite structure (ABO3) are promising candidates 
for the development of IT-SOFCs due to their low activation energy for proton conduction. Y-doped 
cerate-zirconate has been intensively studied because of their high proton conductivity and chemically 
stable at intermediate temperatures [1]. In ceramics material, it is known that sample preparation routes 
play an important role on the properties of powder. The conventional method employed for the 
preparation of these ceramic oxides powders is the solid-state reaction (SSR) methods. Nevertheless, 
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synthesis through this route required prolonged heat treatments and high calcination temperatures. The 
thermal effects from the heat treatment process lead to large particle and hard agglomerates of the 
resulting powders [1, 2]. A promising approach to reduce the calcination temperatures is the use of a 
soft wet-chemical method (WCMs). WCMs consist of co-precipitation method, hydrothermal, Pechini 
method, sol-gel, etc. However, a modified sol-gel method is one of the most useful and potential method 
to prepare ceramics powders at significantly lower processing temperature. This chemical method is 
based on water-soluble chelated complexes as precursors to obtain the homogeneity of the metal ion 
distribution at the atomic level [2, 3]. In this method, the raw materials which are usually a nitrate 
compound and chelating agents are dissolved in deionized water. After the pH is adjusted with a weak 
base such as ammonia, the mixed solution is then heated to convert the sol into a high-viscosity gel. The 
gel then undergoes calcination process to remove organic residuals producing the desirable 
stoichiometric oxide powders. Furthermore, in sol-gel method, the chelating agents used play important 
roles to optimize the synthesis parameters. The chelating agents act as the binder and grab the metal ions 
and remove them from a solid salt to form metal complexes. 
 In the present study, four different types of chelating agent namely glycolic acid, acrylic acid, 
triethylenetetramine and nitriloacetic acid were used to synthesize BaCe0.54Zr0.36Y0.1O2.95 ceramics 
powder. Glycolic acid or also known as hydroxyacetic acid is the smallest Į-hydroxy acids that are 
highly soluble in water. Acrylic acid is the simplest unsaturated carboxylic acid contains a vinyl group 
that connected directly to a carboxylic acid terminus. Triethylenetetramine (TETA) is a tetradentate 
ligand, usually refer as trien is soluble in solvents. Nitriloacetic acid (NTA) is saturated aliphatic 
multicarboxic ligand, and its flexibility is due to the rotation of the single-bonded carbon chains with 
high specificity for various polyvalent metal ions. Therefore, the aim of this work is to study the effects 
of using various chelating agents on the thermal decomposition behavior of cerate-zirconate powders.   
2. Experimental  
Cerate-zirconate compound of BCZY sample with four different chelating agents (CA) were 
synthesized by a modified sol-gel method using metal nitrate salts as the starting materials. The CA used 
was glycolic acid (99%, ACROS), acrylic acid anhydrous (99%, ALDRICH), triethylenetetramine (60%, 
ACROS) and nitriloacetic acid (99%, ACROS). Ethylene glycol (99.9%, ACROS) was used as 
polymerization agents. The molar ratio of CA and ethylene glycol to metal cation was fixed at 3:2:3. 
A stoichiometric amount of Ba(NO3)2 (99%, ACROS), Ce(NO3)3.6H2O (99.5%,ACROS), 
Zr(NO3)2O.xH2O (99.5%,ACROS) and Y(NO3)3.5H2O (99.9%,Aldrich) was dissolved in deionized 
water and continuously stirred on a hot-plate to make a transparent nitrate solution. Then the respective 
CA was added into the solution followed by ethylene glycol under continues stirring. The mixture 
produced from glycolic acid was denoted as A1, for acrylic acid as A2, TETA as A3 and NTA as A4. 
A1 and A2 formed a clear solution when the chelating agents added into the metal nitrate salts solution 
while A3 formed a very viscous sol with metal nitrate salts. For A4, a second solution was prepared by 
dissolving NTA in ammonium hydroxide to promote the dissolution of NTA in deionized water, and 
then the solution slowly added to the metal nitrate salts solution. Then, for each solution, the 
concentrated ammonium hydroxide solution was gradually added to neutralize the metal-complex 
solution. Water was then slowly evaporated on a hot plate at 120 oC. The heating and stirring process 
was controlled accordingly. During the process, the browning gas (known as NOx) was released and a 
dark brown gel obtained. The gel was dried at     325 oC in a furnace and produced yellow fine flakes. 
Then the flakes were placed in an alumina crucible and calcined at 1100 oC with heating rate of 10 oC 
min-1 for 10h to yield light-yellow powder. 
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Thermogravimetric analysis (TGA) was carried out to the dried powder (T=325 oC) by a TA 
instrument model SDT Q600. Fifteen miligrams of dried powder was placed in a sample holder and 
heated from 25 to 1000 oC with a heating rate of 10 oC min-1 under synthetic air (flow rate 100 ml min-1). 
IR spectra were recorded with a FTIR Spectrometer (Nicolet 380) in the range 400–4000 cm-1 to identify 
the IR active functional groups using the KBr pellet technique.  
3. Results and discussion 
The TG curves of dried powders prepared with different types chelating agents are shown in Fig 1. It 
can be seen that the sample exhibit almost similar pattern of TG profile. A1, A2, A3 show three stages 
of weight loss and only two stages for A4. Stage 1 occurs in range ~27–240 oC take place by the 
reduction of about 4 –7% of weight. This is attributed to the decomposition of OH from ethylene glycol 
and also related to the complete chelation process (with the loss of NOx gaseous). These were also 
reported by Barison et al when using EDTA as a chelating agent [1].  
Stage 2 occurs between ~240–600 oC which TG profile is practically the same for all samples. The 
major weight loss resulted from the exothermic reactions between chelating agents and nitrate ions [4]. 
The samples released ammonia, CO2, CO and NO2 as demonstrated by the DTG peaks localized at 390–
450 oC.. Since the structural of the gel complexes are not known, a more interpretation of the 
decomposition mechanism is complicated and need to be investigated. It is due to the four types of metal 
cation that have different ionic radius, r (r for Ba2+ =1.61ǖ, Ce4+ = 0.87ǖ, Zr4+ = 0.72ǖ and Y3+ = 0.99ǖ) 
involved in the chelation process. The significant differences in the ionic radius of the metal cation 
might affect their reactivity in forming metal-chelate complexes.   
The thermal decomposition at ~800–900 oC for A1, A2, A3 and ~580 oC for A4 arises from the 
decomposition of the trapped carbonaceous residues and the beginning of crystallization as well as 
structural transformation to form oxides. The exothermic peak at ~760 oC is related to the phase 
transformation of BaCO3 which takes place theoretically at 805 oC. High temperature is needed to break 
the BaCO3 bond because it is thermodynamically most stable compound at temperatures up to 600 oC 
under standard condition as reported by Kakihana et al [5]. The thermal decomposition temperature (Ttd) 
obtained in this work is considerably lower (800-900 oC) compared to the one reported by Zhimin. Z 
(1000 oC) using freeze drying process [6]. A summarization of the thermal decomposition behavior for 
dried powder (T=325 oC) was presented in Table 1. 
 
 
Fig. 1. TG spectra for dried powders of cerate-zirconate (T=325 oC). 
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Table 1. Thermal decomposition behavior for dried powder (T= 325oC). 
Sample Stage Temperature range (oC) Weight loss (%) TDTG (oC) 
 
A1 
 
1 
2 
3 
27 – 248  
248 – 610  
610 – 992  
4.70 
14.42 
8.46 
51 
405 
760 
 
A2 
 
1 
2 
3 
27 – 237  
237 – 503  
503 – 800  
4.80 
65.17 
2.46 
83 
402 
750 
 
A3 
 
1 
2 
3 
27 – 234  
234 – 591  
591 – 964  
5.28 
23.00 
6.77 
50 
390 
710 
 
A4 
1 
2 
27 – 226  
226 – 580  
7.00 
88.00 
78 
455 
 
The IR spectra for all dried (T=325 oC) and calcined (T=1100 oC) powder were presented in Fig 2. In 
fig 2 (a), the band at ~3700–3200 cm-1 is corresponds to the symmetric and asymmetric stretching 
frequency of –OH group from the carboxylic acid, H2O and ethylene glycol [4, 7]. Peaks in the range 
~1440–1420 cm-1 which can be seen in all spectra represents the COO- stretching mode from the 
coordination of the chelating agents and metal cations [8, 9]. The vibration of metal-oxygen in 
intermediate resin as represented by a small peak at  < 500 cm-1 indicates the chelation process 
occurred. This result is in agreement with the work by Li et al. [10]. They found that Sr-O, Ba-O, and 
Nb-O vibration bonding appear between 500–850 cm-1 for Sr0.5Ba0.5NB2O6 powders prepared by 
aqueous organic gel route using citric acid and EDTA as chelating agents.   
In fig 2 (b), as calcination temperature (Tcalcination) increased to 1100 oC the bands associated to the –
OH and other organic compounds vibration became weaker and the bands for the metal-oxygen 
vibration at 488 cm-1 became stronger. However, we found that a low transmittance intensity of 
carbonate residue peaks at ~1440 cm-1 still remained in the spectra. Carbonates are influenced by the 
incomplete combustion of the carboxylic group that burn to CO2 and some of the CO2 molecules are 
adsorbed on the powders and formed carbonate ions [9]. This result is also in-line with the work by 
Osman et al [11]. They found that the Tcalcination above 1100 oC is needed to obtain single phase of 
BaCe0.76Zr0.19Yb0.05O2.975 powders.  
 
    
Fig. 2. FTIR spectra for a) dried (T= 325 oC) and b) calcined powder (T=1100oC). 
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4. Conclusion 
BaCe0.54Zr0.36Y0.1O2.95 was prepared by a modified sol-gel method using glycolic acid, acrylic acid, 
TETA and NTA as chelating agents. Complete thermal decomposition of the dried powders took place 
above 800 oC except for A4. The thermal behavior of BCZY powder apparently influenced by the types 
of chelating agents. FTIR and TGA result revealed that the temperature of >1100 oC is needed to 
decompose the remaining carbonates species. Further work on the formation of perovskite phase by 
using XRD is still in progress and will be reported elsewhere.   
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